A microbial study was conducted from wastewater soils of hospitals in Aizawl, Mizoram, India which were in existence for a longtime. The isolated bacteria from the wastewater soils were found to be mainly of Morganella morganii and Bacillus cereus and these isolated bacteria were found to be very resistant to a wide range of antibiotics and heavy metals. Antibiotics that were used for treating infections caused by these bacteria like chloramphenicol and ciprofloxacin were also found to be insensitive. The degree of resistance was also very high when compared to earlier reports of antibiotic resistance observed in the corresponding bacteria. Our results suggested that the high degree of resistance is probably conferred by the continued exposure to antibiotics from hospital waste leading to a selected population of highly antibiotics-resistant bacteria.
Introduction
The high usage of antibiotics in hospitals and other health establishments to treat diseases leading to antibiotic resistance is a common problem, but the antibiotics and resistance to antibiotics as environmental problems and pollutants have largely been overlooked. Uncontrolled and excessive use of antibiotics in health establishments usually leads to an increase in antibiotic resistance and causes the spread of resistance genes in the surrounding environment through hospital waste water [1] . As a result of continuous contamination with antibiotic residues, development and evolution of antibiotic resistant bacteria is a major DOI: 10.4236/abb.2018.97020 312 Advances in Bioscience and Biotechnology concern [2] [3] . Hospital wastewater is a highly selective pollutant that contributes to the high rates of resistant bacteria that are being discharged in the natural environment [4] . The antibiotics pollutants contained in hospital wastewater exert a selection in favor of resistant bacteria by killing or inhibiting the growth of susceptible bacteria. This leads to the mass increase resistant bacteria as the competing flora had been wiped out by the pollutants [5] . The increase in resistant bacteria can also be contributed by the transfer of resistant genes between bacterial species through transduction or conjugation [6] . Integrons which are DNA elements that mediate integration of resistant genes, may also be involved [7] . All these processes can lead to the development of a super bug/multidrug resistant bacterium which is resistant to a variety of antibiotics. There is a chance that the resistance genes might get transferred from environmental bacteria to pathogenic bacteria that cause diseases in human and this becomes a public health problem
It had also been reported that hospital wastewater also contains a variety of toxic compounds and persistent molecules such as heavy metals [9] There had been several reports of resistance to both heavy metals and antibiotics among resistant bacteria [13] [17].
The purpose of this study is isolation and characterization of bacteria from hospital wastewaters to check whether they are resistant to antibiotics or heavy metals or both and to create awareness for proper waste disposal from hospital effluents for reducing public health risk.
Materials and Methods

Chemicals
All chemicals and reagents were purchased from Merck (India), HiMedia (India) and SRL (India) unless otherwise stated. 
Enrichment of Soil Bacteria
Growth Conditions
A primary culture of bacteria was grown in LB media. The cells were allowed to grow at 37˚C for 16 hours. The primary cultures were grown again in a fresh LB media for 4 hours. Cells were resuspended in saline (0.9% NaCl) and the O.D. was adjusted to 0.1 at 600 nm and five-fold serial dilutions were made. 5 μl of cell suspensions from each dilution were spotted on to the LB media plates in the absence and presence of the test compounds. The plates were incubated at 37˚C for 12 hours.
Gram Staining
Overnight cultures of each strain were fixed on a slide by gently heating. The slides were first stained with crystal violet for 1 minute and then washed with water. The slides were flooded with iodine solution for 1 minute and then washed again with water. The slides were flooded with a decolorizer for a few seconds and washed again with water followed by staining with safranin for 30 seconds and the excess safranin was washed off with water. The slides were dried, 30% glycerol were added, covered with a cover slip and viewed under a microscope.
Genomic DNA Isolation of Bacterial Strain
10 ml of overnight culture was harvested by centrifugation for 10 minutes at 5000 rpm and the pellet was resuspended in 875 μl of TE buffer. 100 μl of 10 % SDS and 5 μl of Proteinase K (10 mg/ml stock) were again added and the mixture was incubated at 37˚C for 1 hour. Equal volume of phenol-chloroform mixture was added to the mixture, mixed by inverting and incubated at room temperature for 5 minutes. The mixture was then centrifuged at 10,000 rpm for 10 minutes at 4˚C and the supernatant was collected in a fresh tube. 100 μl of 5 M sodium acetate was added and mixed gently. Then 1 ml of isopropanol was added to the mixture and incubation was done at room temperature for 30 minutes. The mixture was centrifuged at 12,000 rpm for 10 minutes and the pellet was washed with 70% ethanol 3 times. The pellet was dried at room temperature and resuspended in 50 μl of TE buffer.
16S rRNA Amplification and Sequencing
The 16S rRNA gene of each strain was amplified using the primers 
Antibiotic Resistance Studies
To study the antibiotic resistance profile of the bacteria, LB agar plates were prepared with appropriate concentration of antibiotics. A primary culture of each soil bacteria was grown overnight, then a secondary culture was grown again using the primary culture. The O.D of secondary bacterial culture was adjusted to 0.1 at 600 nm. Five-time serial dilution was made and plated on the antibiotic containing LB agar plates. The bacterial strain of DH5α was used as a control.
Heavy Metal Resistance Studies
As above, LB agar plates were prepared with appropriate concentration of antibiotics to study the heavy metal resistance profile of the bacteria. A primary culture of each soil bacteria was grown overnight, then a secondary culture was grown again using the primary culture. The secondary bacterial culture was 5 time serially diluted using saline after the OD was adjusted to 0.1 at 600 nm and 5 μl of the serially diluted cultures was spotted onto LB plates containing the different metal concentrations. The bacterial strain of DH5α was used as a control.
Results
Isolation of Soil Bacteria
Soil samples were collected from hospital wastewater sites of Aizawl, Mizoram.
The soil bacteria collected from Aizawl Civil Hospital and Falkawn Referral
Hospital were named HC and HR respectively. The soil bacteria were enriched in minimal media for 24 hours at 37˚C and grown on a fresh LB media overnight again at 37˚C to be used as a primary culture which contains. From these primary cultures, a population of bacterial species were isolated from each soil and further used for analysis.
Microbiological Analysis
Gram staining was done for both the isolated bacterial strain and found that HC strain was found to be gram-negative while HR was Gram positive as shown in Figure 1 . Both the isolated bacteria were found to be rod shaped, but HC was found to be smaller than HR in size.
Identification of Bacteria Using 16S rRNA
16S rRNA gene was amplified in both strains to identify the species. It was found A phylogenetic tree was constructed using 16S rRNA sequences for both the strain as shown in Figure 2 and Figure 3 .
Antibiotic Resistance Profile of the Isolated Bacteria
As mentioned before, hospital wastewaters contains lots of toxic substances that can cause selection of toxic bacteria and isolation of slightly resistant bacteria is very common [5] . Therefore, we examined the antibiotic resistance profile of these isolated bacteria by spot assays on LB media plates containing appropriate antibiotic concentrations. The strains HC and HR possessed a very degree of resistance to ampicillin, and both grew nicely even at 200 μg/ml of ampicillin while 100 μg/ml is the recommended concentration for laboratory bacterial selection as shown in Figure 4 . The control DH5α could not grow at all as it lacks plasmid conferring ampicillin resistance.
The bacterial strains were also checked for resistance to kanamycin, another common antibiotic. The strain HC is found to be most resistant to kanamycin and still grows very well even at a high concentration of 100 μg/ml as shown below in Figure 4 . While HR also showed a very high resistance to kanamycin even at 100 μg/ml but the degree of resistance was less when compared to the other isolated strain HC.
Chloramphenicol is a common antibiotic used for the treatment of bacterial infections in humans. It is a semisynthetic, broad spectrum antibiotic and derived from Streptomyces venezuelae. It blocks protein synthesis in bacteria by binding to the 50S ribosome and reduces peptidyl transferase activity [20] . The two strains were treated with chloramphenicol and found that they were very resistant compared to the control DH5α, especially HC strain which survives even at a high concentration of 50 μg/ml as shown in Figure 5 . Advances in Bioscience and Biotechnology 
Heavy Metal Resistance Profile of the Bacteria
Heavy metal contamination is a common occurrence in hospital sewage disposal site. There were lots of reports showing the resistance of microbial fauna to heavy metals found in the hospital wastewater [13] [14] . Therefore, heavy metal resistance profile of the isolated species was next studied by spot assays on LB media plates containing appropriate concentrations of heavy metals. We found that soil bacteria isolated from Aizawl Civil Hospital (HC) and Falkawn Referral Hospital (HR) were found to be very resistant to lead (Pb) and cadmium (Cd) compared to DH5α. Both the strain grew very well at 5 mM lead nitrate while the control DH5α could not grow well at the same concentration of lead nitrate as shown in Figure 6 . At 1mM of cadmium nitrate, both HC and HR strains grew while DH5α does not grow at all shown below in Figure 6 .
Discussion
Hospital wastewater contains lots of toxic substances that can pollute the surrounding environment including rivers. These toxic substances play an impor- found that the isolated strain of M. morganii from Aizawl Civil Hospital were very resistant to aminoglycosides like kanamycin (100 μg/ml). The level of resistance that had been reported were very high compared to previous studies that had shown a resistance to kanamycin at a lower level compared to the one that was found here [25] . Ciprofloxacin and chloramphenicol are two broad spectrum antibiotics that are used for treating different types of bacterial infection.
These two antibiotics are found to be very effective in treating against M. morganii infections as they are naturally sensitive. Earlier report had shown that M. morganii was found to be very sensitive to the treatment of chloramphenicol [26] . But here in our studies, it was found that a high concentration of 50 μg/ml was still not enough to significantly affect the growth of isolated strain. It was also earlier reported that 0.25 μg/ml of ciprofloxacin was enough to inhibit the growth of M. morganii [26] [27], but the isolated bacterial strain from Aizawl
Civil Hospital was found to be very resistant to this concentration and even a high concentration of 50 μg/ml was still not enough for the treatment of the isolated strain.
Bacillus cereus is a gram-positive, spore forming, rod shaped bacterium that is found in all almost all the environment. Its wide distribution includes soil, fresh water, hospital environment and found even in the gastrointestinal flora of hu-Advances in Bioscience and Biotechnology natural resistance to beta-lactam antibiotics, but it was also previously shown that 24 μg/ml of ampicillin was enough to kill 90% of the bacterial population [31] . In our studies the resistant strain that we isolated from State Referral Hospital, Falkawn was found to be extremely resistant to ampicillin, and high concentration of 200 μg/ml was found to be ineffective for the treatment of the isolated bacteria. This shows that the resistant B. cereus isolated from Falkawn Referral Hospital shows that it acquired additional resistance mechanism other than the natural resistant mechanism shown in previous studies. Aminoglycoside groups of antibiotics were known to be effective against B. cereus and used for the treatment of B. cereus infections [31] . But the isolated B. cereus strain was found to be very resistant to the treatment of kanamycin and still grows very well even at 100 μg/ml. It was earlier reported that 4 μg/ml of chloramphenicol was enough for treatment of B. cereus but we found that 10 μg/ml was not enough to inhibit the growth of the isolated strain. It was also found that the isolated strain was very resistant to treatment of 10 μg/ml of ciprofloxacin even though 0.25 μg/ml was reported to efficiently kill 90% of B. cereus [32] .
Both the isolated strains of resistant bacteria were also found to be very resistant to heavy metals like cadmium and lead. The resistance to heavy metals if of somewhat expected as many antibiotic resistant species of isolated soil bacteria were found to be resistant to heavy metals [13] [14] [17].
Conclusion
The work done had shown that hospital wastewater containing lots of toxic substances including antibiotics was one of the selection forces operating that result in the selection of bacterial population in the surrounding environment of hospitals. The isolated bacterial population as shown was very resistant to the treatment of antibiotics so much so that even high concentrations of antibiotics were not enough to kill the resistant bacterial population. Much of resistance could cause problems in the medical treatment of diseases caused by the isolated bacteria. The ability of the resistant bacteria to transfer its resistant genes to other pathogenic bacteria that can cause even death is a serious problem. The occurrence of multidrug resistant bacteria in the selected sites is a grave concern and should not be overlooked. With the chances of developing super bug that is highly resistant to a wide variety of antibiotics, proper waste water treatment plant should be established and improved. Sanitary measure should be practiced for the safety and wellbeing of patients and hospital workers as well as people who are susceptible to infection.
